Introduction
============

Lung cancer is the most frequent malignancy and is the leading cause of cancer-associated mortality worldwide, with an estimated 2.1 million newly diagnosed cases and 1.8 million deaths reported in 2018 ([@b1-ijmm-46-03-1013],[@b2-ijmm-46-03-1013]). Non-small cell lung cancer (NSCLC) is a primary class of lung cancer and \~85% of lung cancer cases are classified as NSCLC ([@b3-ijmm-46-03-1013],[@b4-ijmm-46-03-1013]). Although great advancements have made in the clinic, the prognosis of NSCLC remains poor and the 5 year survival rate of patients from Europe with NSCLC remained at \<15% in 2016, which may be due to the limitations of early detection methods ([@b5-ijmm-46-03-1013]-[@b7-ijmm-46-03-1013]). Thus, numerous recent studies have focused on investigating the molecular mechanisms associated with NSCLC progression in order to identify novel treatment methods ([@b8-ijmm-46-03-1013]-[@b10-ijmm-46-03-1013]).

MicroRNAs (miRNAs or miRs) are small endogenous non-coding RNAs that are \~1,822 nucleotides in length ([@b11-ijmm-46-03-1013]). miRNAs exert important functions on human gene expression regulation via binding to the 3′-untranslated region (3′-UTR) of the target mRNA ([@b12-ijmm-46-03-1013]). Growing evidence has shown that miRNAs play crucial roles in tumor biological functions, including cell proliferation, differentiation, angiogenesis and invasion ([@b13-ijmm-46-03-1013],[@b14-ijmm-46-03-1013]). Previous reports have indicated that miRNAs are dysregulated in several cancer types, including NSCLC ([@b15-ijmm-46-03-1013]-[@b18-ijmm-46-03-1013]).

miR-103, a member of the miR-103/107 family, is capable of triggering EMT of mammary epithelial cells ([@b19-ijmm-46-03-1013],[@b20-ijmm-46-03-1013]). miR-103 functions as an oncogene in several types of cancer, including gastric cancer, hepatocellular carcinoma, colorectal cancer and prostate cancer ([@b21-ijmm-46-03-1013]-[@b24-ijmm-46-03-1013]). Nevertheless, the role of miR-103 in NSCLC is not fully understood and, to the best of our knowledge, there are no reports on the correlation between miR-103 and EMT in NSCLC. Therefore, the present study focused on investigating the molecular pathways underlying the development and progression of NSCLC, with the aim of identifying potential new targets for diagnosis and treatment.

Materials and methods
=====================

Cell culture
------------

Human NSCLC cell lines A549, H1299 and H460, and the human normal lung cell line 16HBE were obtained from the American Type Culture Collection. The cells were cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin with 5% CO~2~ at 37°C.

MTT and colony formation assays
-------------------------------

Cell proliferation was assessed using MTT and colony formation assays. For the MTT assay, A549, H1299, H460 and 16HBE cells were seeded at a density of 1×10^4^ cells/well in 96-well plates for 0, 24, 48 and 72 h. MTT (20 *µ*l, 5 mg/ml) was then added to each well at the indicated times and incubated for 4 h at 37°C. Subsequently, MTT solution was removed and replaced with 150 *µ*l DMSO. The cell viability was measured using a SpectraMax M5 microplate reader (Molecular Devices) at 570 nm. For the colony formation assay, A549, H1299, H460 and 16HBE cells (1×10^3^ cells/well) were seeded in 6-well plates and cultured for 14 days at 37°C in a humidified incubator with 5% CO~2~. Following two washes with PBS, the cells were fixed with 4% paraformaldehyde at room temperature for 30 min and stained with 0.5% crystal violet for 4 h at room temperature. Cell colonies were counted and photographed using a light microscope (magnification, ×40).

5-Ethynyl-2′-deoxyuridine (EdU) assay
-------------------------------------

A total of 1×10^4^ A549 and H1299 cells/well were plated in a 96-well plate and cultured for 24 h at 37°C with 5% CO~2~. EdU (100 *µ*l; 50 *µ*M) was then added and incubated for a further 2 h, followed by fixing with 4% paraformaldehyde for 20 min. The cells were stained using Cell-Light™ EdU Apollo^®^488 *In Vitro* Imaging kit (cat. no. C10310-3; Guangzhou RiboBio Co., Ltd.) and DAPI, according to the manufacturer\'s instructions. EdU-positive cells were detected under a fluorescence microscope (magnification, ×400).

Reverse transcription-quantitative PCR (RT-qPCR)
------------------------------------------------

Total RNA of cells was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions, and the high-quality RNA was confirmed by ultraviolet analysis and the detection of formaldehyde denaturation electrophoresis. cDNA was synthesized using One Step PrimeScript miRNA cDNA Synthesis kit (Takara Biotechnology Co., Ltd.) at 37°C for 15 min. qPCR was performed using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.) in an ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The qPCR program was as follows: 95°C for 5 min; followed by 40 cycles of 95°C for 10 sec, and 60°C for 30 sec. The gene-specific primer sequences were as follows: miR-103 forward, 5′-AGC AGC ATT GTA CAG GGC TAT CA-3′ and reverse, 5′-GCC GTC GGT GAT GCT TTT TTG G-3′; U6 forward, 5′-GCT TCG GCA GCA CAT ATA CTA AAA T-3′ and reverse, 5′-CGC TTC ACG AAT TTG CGT GTC AT-3′; KLF7 forward, 5′-AGA CAT GCC TTG AAT TGG AAC G-3′ and reverse, 5′-GGG GTC TAA GCG ACG GAA G-3′; E-cadherin forward, 5′-TAC GCC TGG GAC TCC ACC TA-3′ and reverse, 5′-CCA GAA ACG GAG GCC TGA T-3′; N-cadherin forward, 5′-CGA GCC GCC TGC GCT GCC AC-3′ and reverse, 5′-CGC TGC TCT CCG CTC CC C GC-3′; Vimentin forward, 5′-TAC AGG AAG CTG CTG GA A GG-3′ and reverse, 5′-ACC AGA GGG AGT GAA TCC AG-3′; Snail forward, 5′-TGT TGC AGT GAG GGC AAG AA-3′ and reverse, 5′-GAC CCT GGT TGC TTC AAG GA-3′; Wnt forward, 5′-ATC CTG CAC CTG CGA CTA CAG-3′ and reverse, 5′-GGCGAC TTC TCG AAG TAG-3′; β-catenin forward, 5′-AAG TTC TTG GCT ATT ACG ACA-3′ and reverse, 5′-ACA GCA CCT TCA GCA CTC T-3′; and GAPDH forward, 5′-CAA ATT CCA TGG CAC CGT CA-3′ and reverse, 5′-GGA GTG GGT GTC GCT GTT G-3′. U6 and GAPDH were used as negative controls. The relative expression levels were normalized to GAPDH or U6 using the 2^−ΔΔCq^ method ([@b25-ijmm-46-03-1013]).

Western blotting analysis
-------------------------

Total proteins from cells were extracted using radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc.) and the protein concentrations were measured using BCA Protein assay kit. An equal amount of proteins (50 *µ*g) were separated by 10% SDS-PAGE, and then transferred to polyvinylidene difluoride membranes, which were blocked with 5% skim milk in TBS with 1% Tween-20 for 90 min at 25°C. Subsequently, the membranes were probed with primary antibodies at 4°C overnight, followed by incubation with secondary antibodies for a further 2 h at room temperature. The following primary antibodies were obtained from Abcam: KLF7 (cat. no. ab80151; 1:1,000), cyclin D1 (cat. no. ab134175; 1:1,000), cyclin-dependent kinase inhibitor 1 p21 (cat. no. ab109520; 1:1,000), p27 (cat. no. ab32034; 1:1,000), Bax (cat. no. ab182733; 1:1,000), Bcl-2 (cat. no. ab32124; 1:1,000), caspase-3 (cat. no. ab13847; 1:500), caspase-9 (cat. no. ab65608; 1:500), cleaved caspased-3 (cat. no. ab49822; 1:1,000), cleaved caspase-9 (cat. no. ab2324; 1:1,000), matrix metallopeptidase (MMP)-2 (cat. no. ab37150; 1:800), MMP-9 (cat. no. ab134455; 1:800), E-cadherin (cat. no. ab40772; 1:1,000), N-cadherin (cat. no. ab202030; 1:1,000), Vimentin (cat. no. ab8978, 1:1,000), Snail (cat. no. ab53519; 1:1,000), Wnt (cat. no. ab219412; 1:1,000), β-catenin (cat. no. ab32572; 1:1,000) and GAPDH (cat. no. ab8245; 1:1,000). Goat anti-mouse/rabbit IgG conjugated to horseradish peroxidase were used as the secondary antibody (cat. no. CW0103 and CW0110S; 1:1,000; CWBio). The immunoreactive bands were visualized using an Enhanced Chemiluminescence Detection system (Thermo Fisher Scientific, Inc.). The blots were analyzed using ImageJ 1.48u software (National Institutes of Health). GAPDH was used as the loading control.

Wound healing assay
-------------------

A549 and H1299 cells (1×10^4^/well) were seeded in a 6-well plate and grown to 100% confluence. Scratches were then generated with a 10 *µ*l pipette tip in each well and floating cells were removed by washing with serum-free medium. The wounded monolayers were further cultured in serum-free medium for 24 h. Cell migration was observed and photographed at 0, 24 and 48 h under a light microscope (magnification, ×100).

Transwell assay
---------------

The migratory and invasive abilities of A549 and H1299 cells were assessed by a Transwell assay. Cells (5×10^4^) in serum-free medium were added to the upper chamber of Transwell inserts. The bottom chamber was filled with medium with 20% FBS. For invasion analysis, the upper chamber of the inserts was also pre-coated with Matrigel (BD Biosciences) at 37°C for 4 h. After 24 h, cells that had migrated or invaded to the lower chamber were fixed with 4% paraformaldehyde for 20 min and stained with crystal violet for 4 h at room temperature. Cells were counted and photographed under a light microscope (magnification, ×100).

Flow cytometric analysis
------------------------

Flow cytometry was performed to assess the effects of miR-103 on cell cycle progression and apoptosis. For cell cycle analysis, 1×10^6^ A549 and H1299 cells/well were seeded into 6-well plates and incubated overnight. Following transfection for 48 h, cells were collected and washed for three times with FACS buffer (PBS supplemented with 2% FBS). Subsequently, the cells were fixed with 70% cold ethanol overnight at 20°C, followed by treatment with RNaseA (Sigma-Aldrich; Merck KGaA) for 30 min at 37°C, and incubation with 20 *µ*g/ml propidium iodide (PI; Sigma-Aldrich; Merck KGaA) for 20 min at room temperature. The cells were then washed with PBS and resuspended in the Cell Cycle Reagent (EMD Millipore). For cell apoptosis analysis, cells were collected and washed in cold PBS. Subsequently, cells were stained with Annexin V-FITC/PI Apoptosis Detection kit (BD Biosciences) for 15 min at room temperature. All cells were analyzed using a BD FACSCanto II flow cytometer (BD Biosciences) and the results were analyzed using FlowJo 10.0.06 software (FlowJo LLC). The quadrants Q2 and Q3 were used to calculate the apoptosis rate.

Dual-luciferase reporter assay
------------------------------

TargetScan 7.2 (<http://www.targetscan.org>) and MiRanda 2010 (<http://www.microrna.org/microrna/>) were used to predict the target of miR-103. It was identified that the 3′-UTR of KLF7 binds to miR-103 with the highest score, suggesting KLF7 may be a target of miR-103. For luciferase activity analysis, wild-type or mutant 3′-UTR of KLF7 was cloned into the psicheck-2 vector (Promega Corporation). A549 and H1299 cells were co-transfected with miR-103 mimics, *Renilla* luciferase plasmid and wild-type or mutant 3′-UTR-KLF7 using Lipofectamine 2000 (Promega Corporation). After transfection for 48 h, luciferase activity was measured using dual-luciferase reporter assay system (cat. no. E1910; Promega Corporation), according to the manufacturer\'s protocol.

Statistical analysis
--------------------

All results are presented as the mean ± standard deviation, and each experiment was performed with at least three independent replicates. GraphPad Prism 5.0 (GraphPad Software, Inc.) was used to perform the statistical analysis. Statistical differences between means among multiple groups were analyzed by one-way ANOVA followed by Bonferroni\'s post hoc analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

miR-103 is upregulated in NSCLC cell lines
------------------------------------------

To improve understanding of whether miR-103 is involved in the progression of human NSCLC, miR-103 expression levels were determined in NSCLC cell lines. RT-qPCR analysis indicated that miR-103 expression was significantly higher in A549, H1299 and H460 cell lines compared with the 16HBE cell line ([Fig. 1A](#f1-ijmm-46-03-1013){ref-type="fig"}). In addition, the expression of KLF7 was also investigated using RT-qPCR and western blotting assays. The data indicated that KLF7 expression was significantly decreased in the NSCLC cell lines compared with the 16HBE cell line ([Fig. 1B and C](#f1-ijmm-46-03-1013){ref-type="fig"}). MTT, colony formation, EdU and Transwell assays were employed to assess cell proliferation, migration and invasion. The cell proliferation of A549, H1299 and H460 cells was significantly higher compared with 16HBE cells ([Fig. 1D](#f1-ijmm-46-03-1013){ref-type="fig"}). In addition, the colony formation assay indicated that there were indecently more colonies in A549, H1299 and H460 cells compared with 16HBE cells ([Fig. 1E](#f1-ijmm-46-03-1013){ref-type="fig"}). Furthermore, the results of EdU assay demonstrated that A549, H1299 and H460 cells had higher percentages of EdU-positive cells compared with 16HBE cells ([Fig. 2A](#f2-ijmm-46-03-1013){ref-type="fig"}). As presented in [Fig. 2B and C](#f2-ijmm-46-03-1013){ref-type="fig"}, increased migration and invasion rates were observed in A549, H1299 and H460 cells compared with 16HBE cells. These results indicated that miR-103 is significantly increased in NSCLC and NSCLC cells have a higher rate of proliferation, migration and invasion, therefore miR-103 may be associated with the progression of human NSCLC.

miR-103 promotes the viability and proliferation of NSCLC cells
---------------------------------------------------------------

As miR-103 was highly expressed in NSCLC cells, it was hypothesized that miR-103 may be involved in NSCLC. Thus, transfections were performed with miR-103 mimic or miR-103 inhibitor to increase or reduce miR-103 expression in A549 and H1299 cells. RT-qPCR confirmed that miR-103 expression was significantly increased and decreased in A549 and H1299 cells transfected with miR-103 mimic and inhibitor, respectively ([Fig. 3A](#f3-ijmm-46-03-1013){ref-type="fig"}). Furthermore, MTT, colony formation and EdU assays were performed to assess the influence of miR-103 on cell viability and proliferation ([Fig. 3B-D](#f3-ijmm-46-03-1013){ref-type="fig"}). As presented in [Fig. 3B](#f3-ijmm-46-03-1013){ref-type="fig"}, miR-103 inhibitor significantly inhibited the growth of A549 and H1299 cells compared with control group, whereas miR-103 mimic significantly promoted cell viability. Colony formation assay revealed that miR-103 mimic significantly increased colony formation, whereas miR-103 inhibitor significantly suppressed colony formation compared with control group ([Fig. 3C](#f3-ijmm-46-03-1013){ref-type="fig"}). Similar results were observed for cell proliferation, as determined by EdU assay ([Fig. 3D](#f3-ijmm-46-03-1013){ref-type="fig"}).

Effects of miR-103 on cell cycle and apoptosis in NSCLC
-------------------------------------------------------

To investigate the role of miR-103 in NSCLC progression, flow cytometric analysis and western blotting were used to determine the effect of miR-103 on the cell cycle and apoptosis. As presented in [Fig. 4A](#f4-ijmm-46-03-1013){ref-type="fig"}, the cells transfected with miR-103 inhibitor exhibited a significantly increased proportion of cells in the G1 phase. Conversely, upregulation miR-103 resulted in a significant decrease of the cell population in the G1 phase. Furthermore, the cell cycle-related proteins (p21, p27 and cyclin D1) were measured using western blotting ([Fig. 4B](#f4-ijmm-46-03-1013){ref-type="fig"}). Compared with the control cells, the expression level of cyclin D1 was significantly increased, whereas p21 and p27 was significantly decreased in the miR-103 mimic group. Additionally, cyclin D1 was significantly decreased, and p21 and p27 were significantly increased by miR-103 inhibitor. The results of cell apoptosis analysis demonstrated that over-expression of miR-103 significantly suppressed cell apoptosis, whereas downregulation of miR-103 induced a significant increase in the proportion of apoptotic A549 and H1299 cells when compared with control group ([Fig. 5A](#f5-ijmm-46-03-1013){ref-type="fig"}). Furthermore, the expression levels of apoptosis-related proteins, including Bax, Bcl-2, caspase-3 and caspase-9, were determined in A549 and H1299 cells by western blotting. As presented in [Fig. 5B](#f5-ijmm-46-03-1013){ref-type="fig"}, miR-103 mimic significantly increased the protein expression of Bcl-2 and significantly decreased the protein expression levels of Bax, cleaved caspase-3 and cleaved caspase-9 when compared with the control groups. By contrast, significantly decreased protein expression of Bcl-2 and significantly increased expression of Bax, cleaved caspase-3 and cleaved caspase-9 were observed in cells transfected with miR-103 mimic. These findings indicated that miR-103 accelerated the cell cycle and inhibited cell apoptosis of NSCLC cells.

miR-103 promotes the migration and invasion of NSCLC cells
----------------------------------------------------------

Wound healing and Transwell assays were performed to elucidate the effects of miR-103 on the migration and invasion of A549 and H1299 cells. As presented in [Fig. 6A](#f6-ijmm-46-03-1013){ref-type="fig"}, cells transfected with miR-103 mimic exhibited a significantly increased migratory rate compared with the control cells, while miR-103 inhibitor decreased the migratory rate. Transwell migration and invasion assays revealed a significant positive effect of miR-103 on the migratory and invasive abilities of A549 and H1299 cells. The results demonstrated that compared with the control cells, the migration and invasion were significantly increased by miR-103 mimic, and miR-103 inhibitor induced the opposite effects ([Fig. 6B and C](#f6-ijmm-46-03-1013){ref-type="fig"}). MMPs participate in cancer cell invasion by degrading the extracellular matrix ([@b26-ijmm-46-03-1013]). Therefore, MMP-2 and MMP-9 expression levels were used to elucidate the effect of miR-103 on cell migration and invasion. The data revealed that the expression levels of MMP-2 and MMP-9 were significantly inhibited in cells transfected with miR-103 inhibitors compared with the control group ([Fig. 6D](#f6-ijmm-46-03-1013){ref-type="fig"}). Additionally, miR-103 mimic significantly increased MMP-2 and MMP-9 levels compared with the control group ([Fig. 6D](#f6-ijmm-46-03-1013){ref-type="fig"}).

miR-103 promotes the EMT of NSCLC cells
---------------------------------------

Furthermore, it was investigated whether miR-103 modulates the EMT of NSCLC cells. As presented in [Fig. 7](#f7-ijmm-46-03-1013){ref-type="fig"}, RT-qPCR and western blot analysis revealed that inhibition of miR-103 significantly promoted the expression of E-cadherin and significantly decreased the expression of N-cadherin, Vimentin and Snail compared with the control group in A549 and H1299 cells. By contrast, the expression of E-cadherin was significantly decreased and the expression levels of N-cadherin, Vimentin and Snail were significantly increased in cells transfected with miR-103 mimic compared with the control group. These data indicated that miR-103 promoted the EMT of NSCLC.

miR-103 suppresses the expression of KLF7 in NSCLC cells by binding to the 3′-UTR of the KLF7 gene
--------------------------------------------------------------------------------------------------

To improve understanding of the underlying mechanisms of miR-103, bioinformatics tools TargetScan and MiRanda were used to predict the putative target genes of miR-103, and it was identified that KLF-7 may be a target for miR-103. As presented in [Fig. 8A](#f8-ijmm-46-03-1013){ref-type="fig"}, the programs predicted that the sequence of the 3′-UTR of KLF7 had binding sites for miR-103. To confirm whether miR-103 directly binds to the 3′-UTR of KLF7, luciferase reporter vectors containing the wild-type KLF7 3′-UTR and mutated KLF7 3′-UTR sequences were constructed, followed by co-transfection into A549 and H1299 cells together with miR-103 mimic and the negative control ([Fig. 8B](#f8-ijmm-46-03-1013){ref-type="fig"}). The results demonstrated that co-transfection of miR-103 mimic and KLF7 wild-type resulted in significantly decreased luciferase activity, whereas KLF7 mutant did not result in an obvious reduction in luciferase activity, which indicates that miR-103 directly binds to the 3′-UTR of KLF7 ([Fig. 8B](#f8-ijmm-46-03-1013){ref-type="fig"}). As demonstrated by RT-qPCR, western blot and immunofluorescence assays, KLF7 expression was significantly increased in the cell lines transfected with miR-103 inhibitor, and overexpression of miR-103 in A549 and H1299 cells significantly reduced KLF7 mRNA and protein expressions compared with control cells ([Fig. 8C-E](#f8-ijmm-46-03-1013){ref-type="fig"}). Collectively, these data suggested that KLF7 is a direct target of miR-103 in NSCLC.

miR-103 activates the Wnt/β-catenin signaling pathway in NSCLC
--------------------------------------------------------------

To further clarify the underlying molecular mechanisms of miR-103 in NSCLC cells, the expression levels of Wnt and β-catenin were examined using RT-qPCR and western blotting following transfection of A549 and H1299 cells. As presented in [Fig. 9](#f9-ijmm-46-03-1013){ref-type="fig"}, miR-103 inhibitor significantly inhibited the mRNA and protein expression levels of Wnt and β-catenin compared with the control group. In comparison, miR-103 mimic significantly enhanced the expression levels of Wnt and β-catenin in A549 and H1299 cells. These observations suggested that miR-103 may be involved in the regulation of cell biological function, partly via the Wnt/β-catenin signaling pathway in NSCLC.

Discussion
==========

Lung cancer is the most frequent malignancy and is the leading cause of cancer-associated mortality worldwide ([@b27-ijmm-46-03-1013]). The identification of miRNAs and their targets in NSCLC progression may provide promising therapeutic opportunities. Increasing evidence has demonstrated that miRNAs exhibit important functions in human malignant tumor development and metastasis by targeting downstream genes, including in NSCLC ([@b28-ijmm-46-03-1013]-[@b35-ijmm-46-03-1013]). Aberrant expression of miR-103 has been confirmed in colorectal cancer, esophageal cancer, pancreatic cancer and breast cancer ([@b36-ijmm-46-03-1013]-[@b40-ijmm-46-03-1013]). However, the biological role of miR-103 in NSCLC requires further investigation.

Although the roles of numerous miRNAs in malignant tumors have been reported, little research has revealed the function of miR-103 on tumor progression ([@b41-ijmm-46-03-1013]). miR-103 has been reported to have a tumor suppressor effect on NSCLC ([@b42-ijmm-46-03-1013]), however, to the best of our knowledge, a comprehensive assessment of the effects of miR-103 on all processes in NSCLC cells has not been performed. Previous studies have focused on the role of miR-103 in the process of apoptosis ([@b43-ijmm-46-03-1013],[@b44-ijmm-46-03-1013]), however they did not elaborate on other processes. Therefore, the present study investigated other functions of miR-103 in the tumorigenic processes of NSCLC. In addition, the current study demonstrated that the novel target KLF7 mediates the role of miR-103. The function of KLF7 in the regulatory effects of miR-103 in NSCLC is clearly greater than that reported for PDCD10 ([@b45-ijmm-46-03-1013],[@b46-ijmm-46-03-1013]). RT-qPCR and western blot analysis showed the expression of KLF4 protein was increased in the cell lines transfected with miR-103 inhibitor. As previously reported, *KLF4* is a proliferation-and metastasis-associated gene in cancer ([@b47-ijmm-46-03-1013]). Therefore, the target KLF7 is an effective factor in inhibiting NSCLC ([@b48-ijmm-46-03-1013],[@b49-ijmm-46-03-1013]). A comprehensive systematic evaluation of miR-103 to determine its functions and the most direct effector molecules is beneficial for the identification of targeted therapies and drug development.

The present study demonstrated that miR-103 was significantly overexpressed in NSCLC cells. Therefore, it was hypothesized that miR-103 may serve a key role in the development of NSCLC, and subsequent functional assays were performed. The results suggested that increased expression of miR-103 significantly promoted cell viability, proliferation, migration and invasion, and inhibited the apoptosis of A549 and H1299 cells. Furthermore, downregulation of miR-103 attenuated the growth, migration and invasion of NSCLC cells, and increased the apoptosis. These findings indicated that miR-103 may act as a tumor oncogene and downregulation of its expression may inhibit the progression of NSCLC.

EMT is a pathological process implicated in tumor progression ([@b50-ijmm-46-03-1013]). Cells switch from a polarized, immobile epithelial phenotype to a highly mobile fibroblastic or mesenchymal phenotype in EMT, which involves the loss of epithelial cell markers and the expression of mesenchymal cell markers ([@b51-ijmm-46-03-1013]-[@b53-ijmm-46-03-1013]). In the present study, downregulation of miR-103 could increase the expression level of E-cadherin and decrease the expression levels of N-cadherin, Vimentin and Snail compared with control A549 and H1299 cells. These data indicated that miR-103 promotes EMT of NSCLC cells.

miRNAs, a class of endogenous RNA, can regulate protein expression by inhibiting or inducing the degradation of mRNAs through specifically binding to the 3′-UTRs ([@b54-ijmm-46-03-1013],[@b55-ijmm-46-03-1013]). One miRNA may act on a variety of target genes or proteins, and its target genes and biological roles may vary in different tissues or cells ([@b56-ijmm-46-03-1013]). Based on computer information programs or predictive software, bioinformatics in combination with genome sequencing work and clinical-related information can be adapted for different research purposes and/or analytical methods of researchers ([@b57-ijmm-46-03-1013],[@b58-ijmm-46-03-1013]). In the current study, KLF7 was predicted as one of direct targets of miR-103. KLF7 is a member of the KLF family, which are transcription factors that belong to the zinc-finger family ([@b59-ijmm-46-03-1013]). KLFs regulate diverse cellular processes, including cell proliferation, differentiation, adipogenesis and metabolism ([@b60-ijmm-46-03-1013]-[@b62-ijmm-46-03-1013]). The present study used a dual-luciferase reporter assay, western blotting, RT-qPCR and immunofluorescence to identify that KLF7 is a direct target of miR-103 in NSCLC. Furthermore, numerous studies have shown that abnormal activation of the Wnt/β-catenin signaling pathway is associated with cancer tumorigenesis and metastasis ([@b63-ijmm-46-03-1013]-[@b67-ijmm-46-03-1013]). The present data demonstrated that inhibition of miR-103 expression significantly increased the expression levels of Wnt and β-catenin, which are markers of the Wnt signaling pathway ([@b68-ijmm-46-03-1013]). Therefore, the current study provides a basis for future investigations of the functions of miR-103 as a critical regulator of the Wnt/β-catenin signaling pathway in NSCLC.

Limitations of the present study included: i) Lack of methods to determine the safety and feasibility of transfecting miR-103 inhibitors and mimics into control cells; and ii) A lack of knockdown experiments to evaluate the association between the Wnt/β-catenin pathway and miR-103. These issues will be addressed in future studies. Taken together, the current study demonstrated that miR-103 is upregulated in NSCLC. Functional assays identified that miR-103 overexpression could promote cell growth, migration and invasion, and inhibit apoptosis in NSCLC. Furthermore, it was demonstrated that KLF7 is a functional target of miR-103. In addition, it was revealed that miR-103 promotes EMT via regulation of the Wnt/β-catenin signaling pathway in NSCLC. In summary, the present study demonstrated that miR-103 functions as a tumor oncogene in NSCLC by targeting KLF7 expression perhaps via the Wnt/β-catenin signaling pathway in NSCLC.
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![miR-103 is highly expressed in NSCLC cell lines. (A) The expression levels of miR-103 in NSCLC cell lines and the 16HBE cell line were examined by RT-qPCR. ^\*^P\<0.05, ^\*\*^P\<0.01 vs. 16HBE cells. The expression of KLF7 was detected by (B) RT-qPCR and (C) western blot assay in NSCLC cells and 16HBE cells. (D) Proliferation and (E) colony formation ability of cells were determined by MTT and colony formation assays, respectively. Data are presented as the mean ± standard deviation (n=3). ^\*^P\<0.05, ^\*\*^P\<0.01 vs. 16HBE cells. miR-103, microRNA-103; NSCLC, non-small cell lung cancer; RT-qPCR, reverse transcription-quantitative PCR; KLF7, Kruppel-like factor 7; OD, optical density.](IJMM-46-03-1013-g00){#f1-ijmm-46-03-1013}

![Proliferation, migration and invasion of NSCLC cell lines. (A) Proliferation of cells was determined by EdU assay. Magnification, ×400. Scale bar, 50 *µ*m. The (B) migration and (C) invasion of NSCLC cells and 16HBE cells were detected by Transwell assays. Magnification, ×100. Scale bar, 100 *µ*m. ^\*^P\<0.05, ^\*\*^P\<0.01 vs. 16HBE cells. NSCLC, non-small cell lung cancer; EdU, 5-ethynyl-2′-deoxyuridine.](IJMM-46-03-1013-g01){#f2-ijmm-46-03-1013}

###### 

miR-103 promotes cell viability in non-small cell lung cancer. (A) miR-103 expression levels in cell lines transfected with miR-103 mimic and miR-103 inhibitor were measured by reverse transcription-quantitative PCR assay. ^\*\*^P\<0.01 vs. control. (B) Cell proliferation was assessed by a MTT assay. ^\*\*^P\<0.01. (C) Colony formation assay was performed with transfected A549 and H1299 cells. Magnification, ×400. miR-103 promotes cell viability in non-small cell lung cancer. (D) EdU assay was performed with transfected A549 and H1299 cells. Scale bar, 50 *µ*m. ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control; EdU, 5-ethynyl-2′-deoxyuridine; OD, optical density.
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Effect of miR-103 on cell cycle in non-small cell lung cancer. (A) Cell cycle analysis was performed by flow cytometry to determine the impact of miR-103 on cell cycle progression. Overexpression of miR-103 inhibited cell cycle progression, whereas knockdown of miR-103 promoted cell cycle progression. (B) The cell cycle-related proteins p21, p27 and cyclin D1 were measured in A549 and H1299 cells using western blot assays. Data are presented as the mean ± standard deviation (n=3). ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control.
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Effect of miR-103 on cell apoptosis in non-small cell lung cancer. (A) Cell apoptosis was analyzed by flow cytometry of A549 and H1299 cells after transfection with miR-103 mimics, miR-103 inhibitors and the NC. (B) Apoptotic proteins were analyzed using western blotting. Data are presented as the mean ± standard deviation (n=3). ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control; PI, propidium iodide.
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###### 

miR-103 promotes cell migration and invasion in NSCLC cells. The migration and invasion of transfected cells were investigated by (A) wound healing and Transwell assays with (B) A549 and (C) H1299 cells. Magnification ×100. miR-103 promotes cell migration and invasion in NSCLC cells. (D) The protein expression levels of MMP-2 and MMP-9 in A549 and H1299 cells were measured by western blotting. ^\*^P\<0.05 and ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control; MMP, matrix metallopeptidase.
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![miR-103 promotes the epithelial-mesenchymal transition of non-small cell lung cancer cells. The expression levels of E-cadherin, N-cadherin, Vimentin and Snail in A549 and H1299 cells were measured by (A) reverse transcription-quantitative PCR and (B) western blot analysis. GAPDH served as a loading control. ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control.](IJMM-46-03-1013-g12){#f7-ijmm-46-03-1013}

###### 

miR-103 suppresses the expression of KLF7 in NSCLC cells by binding to the 3′-UTR of the KLF7 gene. (A) miR-103 and its putative binding sequence in the 3′-UTR of KLF7. (B) A dual-luciferase reporter assay was performed to further confirm whether miR-103 can directly target the 3′-UTR region of KLF7 in NSCLC cells. ^\*^P\<0.05 vs. 3′-UTR-MUT. The expression levels of KLF7 in A549 and H1299 cells transfected with miR-103 mimic or inhibitor were measured by (C) reverse transcription-quantitative PCR and (D) western blot analysis. ^\*\*^P\<0.01 vs. control. miR-103 suppresses the expression of KLF7 in NSCLC cells by binding to the 3′-UTR of the KLF7 gene. (E) The expression of KLF7 regulated by miR-103 in A549 and H1299 cells was assessed by immunofluorescence analysis. Magnification, ×200. Scale bar, 50 *µ*m. ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control; KLF7, Kruppel-like factor 7; 3′-UTR, 3′-untranslated region; NSCLC, non-small cell lung cancer; Luc, luciferase; Rluc, *Renilla* luciferase; WT, wild-type; MUT, mutant.
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![miR-103 activates the Wnt/β-catenin signaling pathway in non-small cell lung cancer cells. The (A) mRNA and (B) protein expression levels of Wnt and β-catenin were determined in transfected A549 and H1299 cells. Data are presented as the mean ± standard deviation. ^\*\*^P\<0.01 vs. control. miR-103, microRNA-103; NC, negative control.](IJMM-46-03-1013-g16){#f9-ijmm-46-03-1013}
